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[57] ABSTRACT 

A communication method is provided in Which mobiles 
operating in a trunk mode operation transmit a message on 
a direct mode operation channel indicating a trunk mode 
operation connection is present. If a mobile outside the range 
of coverage of the trunking system receives the message it 
Will deduce from the message the slot structure of the trunk 
mode channel and its timing, and Will then be able to 
transmit a request for a direct mode connection on an 
appropriate slot of the trunk mode channel. Some or all of 
the mobiles operating in trunk mode Will then be able to 
sWitch to direct mode to connect With the mobile outside the 
range of coverage. 

3 Claims, 5 Drawing Sheets 
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COMMUNICATION METHOD 

FIELD OF THE INVENTION 

This invention relates to a communication method for 
establishing a direct mode call betWeen mobile stations in a 
radio communication system. 

BACKGROUND OF THE INVENTION 

In time divisional multiple access TDMA trunking system 
such as that being developed as TETRA (Trans European 
Trunked Radio) there are mobile stations Which can operate 
in Trunked Mode (TMO) or Direct Mode (DMO). In TMO 
the mobile station communicates via a base-station Whilst in 
DMO the mobile station establishes communication directly 
With another mobile station. 

DMO is particularly useful Where one mobile station is 
outside the area of coverage of the base-station, and is thus 
unable to use the trunking system, or if the trunking system 
has failed perhaps by the system crashing. 

Usually TMO is used but the mobile station is provided 
With a sWitch to enable the operation to be sWitched to DMO 
manually or automatically. 
A problem occurs Where a talk group of a number of 

mobile stations is operating in TMO and a further mobile 
station moves outside the coverage of the trunking system 
still Wishes to communicate With the group. 

The talk group members Will be unaWare of the mobile 
station outside the coverage of the trunking system. 

It is an object of the invention to provide a method by 
means of Which a mobile outside the area of coverage of a 
trunking system can establish communication With a talk 
group operating in TMO. 

SUMMARY OF THE INVENTION 

According to the invention there is provided a method of 
establishing communication betWeen at least one mobile in 
a talk group of mobiles communicating in trunk mode 
operation and a further mobile not operating in trunk mode 
operation Which method comprising the steps of: 

allocating a trunk mode operation channel comprising a 
number of transmission slots; 

allocating a direct mode operation channel comprising a 
number of transmission slots; 

transmitting from at least one of the talk group a message 
in a time slot of the direct mode operation channel 
indicative of a trunk mode operation call being in 
operation; 

monitoring by at least one of the talk group a direct mode 
request slot allocated on the direct mode operation 
channel; 

in response to receiving the message by the further 
mobile, the further mobile: 
determining the timing of the trunk mode operation 

channel from the message or messages; and 
transmitting a direct mode operation call connection 

request on the direct mode operation channel during 
the direct mode operation request slot and in 
response to one of the talk group members receiving 
the direct mode operation request sWitching at least 
one of the talk group to direct mode operation and 
establishing contact With the further mobile. 

By the at least one of the talk group mobiles transmitting 
a message indicative of a TMO call being in operation on the 
DMO channel, the further mobile is made aWare of a TMO 
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call being in operation. The further mobile Will determine 
from the message or a number of messages the timing of the 
TMO channel. This Will then enable the further mobile to 
transmit on an appropriate slot a request for a DMO con 
nection to the talk group. Then all or some of the members 
Will sWitch to the DMO channel for further communications. 

Preferably, the at least one of the talk group transmits a 
message at regular intervals. This is preferable because the 
further mobile With a knoWledge of the intervals Will be able 
to deduce the timing of the TMO channel in a very straight 
forWard Way. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A speci?c embodiment of the invention Will noW be 
described, by Way of example only, With reference to the 
draWings of Which: 

FIG. 1 shoWs a communication system operating in 
accordance With the invention: 

FIG. 2 is an explanatory diagram shoWing sWitching of 
units of the system betWeen tWo communication modes; and 

FIGS. 3 to 5 are explanatory diagrams shoWing an 
arrangement of slots in channels allocated to the tWo modes. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

With reference to FIG. 1, there is shoWn tWo base-stations 
1 and 2 of a TETRA communication system 3. Each 
base-station has range of coverage as depicted by the 
peripheral lines 4 and 5. Beyond those lines a mobile is 
unable to establish contact With the base-stations and is thus 
unable to utiliZe the trunking mode operation supported by 
the base-stations. 

There are a number of mobile stations 6 to 10 operating 
in the system 3. All except mobile 9 are Within range of at 
least one base-station. Mobiles 6 and 7 are Within range of 
base-station 1 and mobiles 8 and 10 are Within range of 
base-station 2. 

Mobiles 7, 8 and 9 belong to the same talk group. Mobiles 
7 and 8, because they are Within the range of coverage of 
respective base-stations are able to communicate by trunk 
mode operation Mobile 7 transmits to the base 
station 1 Where the transmission is de-coded, corrected and 
re-coded and transmitted to base-station 2. Base-station 2 
then transmits the message to mobile 8. Transmissions from 
mobile 8 to mobile 7 are relayed by base-stations 2 and 1 in 
a similar Way. 

The mobile 9 is unable to operate in TMO because it is 
outside the range of coverage of the base-stations. Thus, if 
it is to communicate With mobiles 7 and 8 it Will have to 
operate in direct mode operation (DMO). This is possible 
because mobiles 7 and 8 are Within the range of coverage of 
mobile 9 the boundary of Which is indicated by line 11. 
A broad overvieW of the method of operation Will be 

?rstly given With reference to FIG. 2. FIG. 2 depicts 
activities on tWo channels, the TMO channel and DMO 
channel as time progresses from left to right. The TMO 
channel is established by a controller of the system Which in 
this embodiment is located in the base-station 1. Mobiles 7 
and 8 interact on the TMO channel as indicated by arroW 20 
then they both sWitch to the DMO channel and transmit a 
burst Which is indicative of there being a TMO call in 
existence and its timing. They then listen for any response to 
this burst by mobiles outside the area of TMO (The response 
being transmitted on the DMO channel. These activities are 
represented by arroW 21. After the activities on the DMO 
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channel, the mobiles switch back to the TMO channel and 
continue With their interaction as represented by arroW 22. 
This sWitching activity Will continue as shoWn by arroWs 23 
to 26 until a DMO request burst is received. 

This occurs during activity 27 in the DMO channel and 
then the communication on the DMO channel proceeds as 
indicated by arroW 28. 

The operation Will noW be described in detail With refer 
ence to FIG. 3. The TMO channel is subdivided into a 
number of slots in this case four although there may be many 
more. The subdivision being governed by the system con 
troller as is the frequency given to the channel. Each four 
slots represents a frame. During slot 3 of every fourth frame 
the mobiles operating in trunk mode transmit a TMO control 
burst on the DMO channel. Mobile 9 continuously moni 
toring the DMO channel Will receive the TMO bursts and 
determine from their separation the synchroniZation of the 
system. 

The bursts Will not be received simultaneously because of 
propagation delays so the TMO control burst is less than one 
slot in duration. Mobile 9 Will then be in a position to be able 
to transmit a DMO request synchroniZed With the period 
during Which the mobiles 7 and 8 Will be monitoring for 
such a request (Which in essence is a request for connection 
to be made). 

The DMO request is transmitted as a DMO control burst 
during slot 1 of the DMO channel (slot 1 of the DMO 
channel coincides With slot 3 of the TMO channel). Note that 
the burst is again less than one slot duration to cater for 
mismatch. 

Thus, in essence, a slot structure aligned With that on the 
TMO channel is established. 

The mobiles monitor during slot 3 of the TMO channel 
the DMO channel and Will thus receive the DMO request 
from mobile 9. The DMO request includes a group identi?er 
so that only mobiles of the talk group are affected. These 
mobiles Will then sWitch to the DMO channel and a DMO 
call is established by synchroniZation bursts on slot 2 for 
four frames folloWed by DMO traf?c and pre-emption bursts 
on slots 2 and 4. 

The mobiles not part of the talk group Will detect a call 
taking place on the DMO channel and Will then cease 
transmitting the TMO control burst. This Will alloW slot 3 to 
be used for DMO communication if necessary. The TMO 
control burst Will be re-started When the DMO channel is 
silent indicating the call has been cleared. 

FIG. 2 illustrates the setting up of a ?rst DMO call. It Will 
be seen that this utiliZes only tWo of the four slots available 
in the DMO channel, that is to say slots 1 and 3 are available 
to carry a further call. The Way in Which the further call is 
established Will noW be described With reference to FIG. 5. 

A mobile operating in DMO and Wishing to establish a 
call in DMO Will monitor the DMO channel and detects that 
there is already an eXisting DMO call in slots 2 and 4. It Will 
also detect that no call is present in slots 1 and 3 and Will also 
establish the timing of the DMO channel. 

The mobile Will Wait for the occurrence of a TMO control 
burst. If no such burst is received Within a predetermined 
time it Will conclude that there are no further mobiles Which 
are operable in DMO that are operating in TMO. It may 
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hoWever still attempt to establish a DMO call in case any of 
its talkgroup members are already in DMO. 

If the mobile receives a TMO control burst, it transmits a 
DMO control burst on slot 3 of the TMO channel. As before 
the mobiles operating on the TMO channel Which are 
members of this talkgroup Will then sWitch to the DMO 
channel and a call Will be established in slots 1 and 3. 
Mobiles Which are not part of the talkgroup Will then cease 
transmitting the TMO control bursts because there are no 
available slots for these transmissions on the DMO channel. 

When calls clear on the DMO it is advantageous to ensure 
that slot 3 of the DMO channel is free. Obviously if the 
second call clears ?rst then slot 3 Will as a consequence 
become free. Then the TMO control burst can be transmitted 
on this slot as before. HoWever, if the ?rst call clears ?rst 
then the system transfers the second call to slots 2 and 4 thus 
freeing slot 3. This is achieved by the master mobile of the 
?rst call transmitting on a pre-emption slot of slot 1 a 
message indicative of the call being cleared. In response to 
this message the master mobile of the second call Will 
transmit a message to the other mobiles involve in the 
second call to move to slots 2 and 4. This process is 
illustrated in FIG. 5. 
What is claimed is: 
1. A communication method for establishing communi 

cation betWeen at least one mobile in a talk group of mobiles 
communicating in trunk mode operation and a further 
mobile not operating in trunk mode operation Which method 
comprising the steps of: 

allocating a trunk mode operation channel comprising a 
number of transmission slots; 

allocating a direct mode operation channel comprising a 
number of transmission slots; 

transmitting from at least one of the talk group a message 
in a time slot of the direct mode operation channel 
indicative of a trunk mode operation call being in 
operation; 

monitoring by the talk group a direct mode operation 
request slot allocated on the direct mode operation 
channel; 

in response to receiving the message by the further 
mobile, the further mobile: 
determining the timing of the trunk mode operation 

channel from the message or messages; and 
transmitting a direct mode operation call connection 

request on the direct mode operation channel during 
the direct mode operation request slot and in 
response to one of the talk group members receiving 
the direct mode operation request sWitching at least 
one of the talk group to direct mode operation and 
establishing contact With the further mobile. 

2. A method as claimed in claim 1 Wherein the message 
indicative of there being a trunk mode operation call being 
in operation is transmitted in a predetermined slot of the 
direct mode operation. 

3. Amethod as claimed in claim 2 Wherein upon clearance 
of a direct mode call the slots are allocated to direct mode 
calls such that the predetermined slot is free. 

* * * * * 


